In the RNA of hyperthermophiles, which grow optimally between 80 °C and 106 °C, posttranscriptional modification has been identified as a leading mechanism of structural stabilization. Particularly in the Archaeal evolutionary domain these modifications are expressed as a structurally diverse array of modification motifs, many of which include ribose methylation. Using mass spectrometric techniques we have examined the posttranscriptional modifications in unfractionated tRNA from the remarkable organism Pyrolobus fumarii, which grows optimally at 106°C, but up to 113°C (Blochl et al. (1997), Extremophiles, 1, 14-21) . Twenty-six modified nucleosides were detected, 11 of which are methylated in ribose. A new RNA nucleoside, l,2'-O-dimethy!guanosine (m'Gm) was characterized and the structure confirmed by chemical synthesis.
INTRODUCTION
Posttranscriptional modifications are believed to provide an important means of structural stabilization in RNA (1) (2) (3) (4) , particularly in the case of thermophiles (5, 6) . Consequently, ribose methylation at 02', because of its stabilizing influence on the Ci'-endo ribose conformer (7) is of particular interest, and is notable in tRNA from the archaeal thermophiles in terms of abundance, temperature responsiveness and diversity of structural motifs involving simultaneous base and ribose modification (6, 8) . (The first observation of increased ribose methylation in response to growth temperature was made on tRNA from the bacterial thermophile Bacillus stearothermophilis (9) .)
Pyrolobus fumarii, the most thermophilic organism known, grows up to 113°C with an optimum of 106°C (10) . The modified nucleoside content of unfractionated tRNA has been examined using liquid chromatography-mass spectrometry (LC/MS), following complete enzymatic hydrolysis. Twenty-six modified nucleosides were characterized, including 1,2'-0-dimethylguanosine (m'Gm), a previously unknown RNA nucleoside.
MATERIALS AND METHODS
Pyrolobus fumarii 1A (DSM 11204) was cultivated anaerobically at 106°C at a pressure of 200 kPa as previously detailed (10) . Unfractionated tRNA was isolated (11) , and 50 ug aliquots hydrolyzed to nucleosides using nuclease PI, venom phosphodiesterase and bacterial alkaline phosphatase (12) . All LC/MS measurements were carried out with a Fisons Quattro II mass spectrometer interfaced to a Hewlett-Packard 1090 liquid chromatograph as described (13) but using a Luna (Phenomenex; Torrance, CA) 250x2 mm C18 reversed phase column. Positive ions produced by electrospray ionization were detected.
Nucleoside identification was based on HPLC relative retention times and mass spectra (14) (protonated base BH 2 ' or molecular ions MH\ MNa + , MK*). Collision-induced dissociation (CID) mass spectra of BH 2 + ions generated in the ionization region of the mass spectrometer (15) Cm, m'Gm and m 2 2 Gm to establish or confirm sites of base methylation.
RESULTS AND DISCUSSION
Modified nucleosides from P. fumarii tRNA. A total of 26 modified nucleosides were detected in the tRNA digest (Table 1) , 11 of which are ribose-methylated as determined from their mass spectra (14) . Nucleosides G\ m 5 Cm, m'lm, ac 4 Cm, m Gm, m 2 Gm and mimG are unique to archaeal tRNA (16) . Nucleosides imG-I and -II (MH + 322, BH 2 + 190) and imG-14 (MH + 3O8, BH 2 + 176) are judged to be demethyl homologs of the tricyclic nucleoside mimG (17) but structures are not assigned. There are three possible isomers of imG (3,4-dihydro-4,6-dimethyl-3-P-D-ribofuranosyl-9//-imidazo{l,2-a}purin-9-one), originally isolated and characterized from Torulopsis utilis tRNA Phe (18) , differing by placement of the two methyl groups in the base. It is not presently known whether imG-I or imG-II (Table 1) correspond to the yeastderived compound. The mimG structural series are members of the "wye" family of nucleosides which are characteristically found at position 37 in eukaryotic tRNA Phe (19) . Unusual in their absence in the present study are m A is present), which typically occur at position 37 of the anticodon loop (19) .
The 20.9 min. eluant was determined to be a previously undescribed RNA nucleoside, 1,2'-<9-dimethylguanosine (m'Gm), based on its mass spectrum which designates ribose methylation from the 146 mass unit separation between molecular and base ions (14) 
